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Abstract
Aims: To evaluate the predictive value of body mass
index (BMI), Bishop score, and sonographic measure-
ment of cervical length for predicting successful labor
induction (defined as an ability to achieve the active
phase of labor corresponding to a cervical dilatation of
G4 cm within 12 h of initiating oxytocin) in near-term twin
gestations.
Methods: This prospective, observational study enrolled
72 consecutive women with twin gestations at )36.0
weeks’ gestation who were scheduled for induction of
labor. Transvaginal ultrasound for measurement of the
cervical length was performed and the Bishop score was
determined by digital examination. The BMI was calcu-
lated based on the weight and height at the time of
induction.
Results: Labor induction was successful in 63% (45/72)
of women. The mean BMI was significantly lower in
women who had successfully induced labor, but no sig-
nificant differences existed with respect to the mean cer-
vical length, median Bishop score, proportion of parous
and nulliparous women, and the mean total birth weight
of the twin pairs between the two patient groups. Multiple
logistic regression demonstrated that only BMI provided
a significant contribution in predicting successful labor
induction.
Conclusions: BMI independently predicted the success
of labor induction in twin gestations but the sonographic
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measurement of the cervical length and Bishop score
had poor predictive values for successful induction.
Keywords: Bishop score; body mass index; cervical
length; labor induction; twin gestations.
Introduction
Twin pregnancies comprise 2–3% of all live births w9x and
are associated with an increased risk of obstetric com-
plications, such as preeclampsia, gestational diabetes,
fetal growth restriction, or growth discordance w1, 18,
20x. In twins, these obstetric complications may fre-
quently necessitate induction of labor. However, since
there is little information regarding the clinical and ultra-
sonographic parameters which predict the success of
labor induction in twin gestations, general predictors of
the success or failure of labor induction based on data
from singleton gestations are commonly used. Neverthe-
less, such an approach may be questionable because
normal maternal physiologic changes (uterine volume,
cervical length, and maternal weight gain) are different in
twin gestations w1, 10x.
The prelabor condition of the cervix is believed to be
one of the most important predictors of successful
induction w19, 22, 25x. Traditionally, assessment of the
cervix prior to labor induction has been accomplished by
using the Bishop score, which remains the current
standard for predicting the outcome of labor induction.
However, this assessment is somewhat subjective and
has a high intra- and inter-observer variation. In contrast,
transvaginal ultrasound assessment of the cervix is an
objective and more reproducible method, and moreover,
it allows visualization of the cervix beyond the closed
external os. Importantly, a recent meta-analysis indicated
that both transvaginal ultrasonographic measurement of
the cervical length and the Bishop score predicted suc-
cessful induction of labor, but the diagnostic accuracy of
sonographically measured cervical length was not supe-
rior to that of the Bishop score w6x. However, the value
of these parameters has been examined only in women
with singleton gestations undergoing induction of labor.
At present, there are no data about the predictive value
of these parameters for successful labor induction in twin
gestations.
As well as an assessment of the cervix, obesity, as
reflected by an increased body mass index (BMI), has
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recently been implicated as one of the important poten-
tial parameters affecting outcome of labor induction
because it may impair the ability of the uterus to contract
in labor or necessitate a higher dose of oxytocin w16,
22, 26x. Excessive weight gain during pregnancy and
increased maternal BMI near-term are encountered more
frequently in twin than in singleton gestations w4, 17x.
Therefore, it is possible that outcome of labor induction
in twin gestations might be influenced by maternal BMI.
The purpose of this study was to evaluate the predictive
value of the BMI, Bishop score, and the sonographic
measurement of the cervical length for predicting suc-
cessful labor induction in twin gestations.
Materials and methods
This prospective study was conducted on women with twin
gestations who were admitted for induction of labor to Seoul
National University Bundang Hospital (Seongnamsi, Korea)
between March 2004 and September 2008. The inclusion criteria
were: (1) a viable twin gestation; (2) both fetuses in the vertex
presentation; (3) )36.0 weeks’ gestation; (4) intact amniotic
membranes; (5) absence of active labor; (6) no history of
previous uterine surgery, and (7) no contraindication to vaginal
delivery. This study was approved by the Institutional Review
Board of the Seoul National University Bundang Hospital (Seon-
gnamsi, Korea), and informed consent was obtained from all
study subjects.
The BMI was calculated (kg per m2) based on the weight and
height at the time of induction. On admission to the labor and
delivery floor, transvaginal ultrasonographic assessment of the
cervical length was performed by one of the authors (K.H.P.)
using an Envisor (Philips Medical System, Eindhoven, The
Netherlands) ultrasound machine with a 6.0 MHz transducer. The
method used for measurement of the cervical length was pre-
viously described w11x. Three measurements were performed
and the shortest distance was taken as the cervical length. The
Bishop score was determined w2x by the resident physician
responsible for the induction of labor; the resident physician was
blinded to the sonographic cervical findings.
Induction of labor was carried out according to the standard
labor induction protocol used at the Seoul National University
Bundang Hospital. External cardiotocography was performed to
assess fetal well-being, as well as to confirm the absence of
contraction. If the Bishop score was F5, a 10-mg dinoprostone
vaginal insert (Propess; Ferring Pharmaceuticals, Malmo, Swe-
den) was placed transversely in the posterior fornix of the vagina
at 9:00 pm to initiate cervical ripening before labor induction.
After 9 h, i.e., 6:00 am the following day, the dinoprostone vag-
inal insert was removed and an intravenous oxytocin infusion
was started if regular uterine contractions and cervical change
did not develop. Oxytocin was administered intravenously as a
dilute solution using a constant infusion pump. The initial dose
was set at 5.3 mU/min and this was increased by one-half of
the previous infusion rate every 30 min up to a maximum dose
of 40 mU/min until regular painful uterine contractions ensued
or labor progressed. The oxytocin infusion was continued for at
least 12 h. In patients who had not gone into active labor during
this 12 h period, labor was induced by repeating the same pro-
tocol (i.e., a serial induction was performed). Fetal heart rates
were monitored using a continuous electronic system in all
patients. Amniotomy was not performed until the cervix became
dilated to at least 3 cm and the vertex was engaged.
Successful labor induction was defined as an ability to achieve
the active phase of labor, corresponding to a cervical dilatation
of G4 cm within 12 h of initiating oxytocin (i.e., within 21 h of
the insertion of a dinoprostone vaginal insert).
Univariate analysis was conducted with the Student’s t-test,
Mann-Whitney U-test, x2-test or Fisher’s exact test. Variables
found to have a significant correlation or a tendency toward an
association with successful labor induction in univariate analysis
(P-0.25) were entered into a logistic regression model in order
to select independent predictors in the success of induction. In
the logistic regression model, all factors were entered as dicho-
tomous variables and the receiver operating characteristic (ROC)
curves were used to identify the best cut-off values for dichot-
omization. The ROC curve was constructed to describe the
relationship between the sensitivity (true-positive rate) and the
false-positive rate for BMI in the prediction of successful labor
induction. Using an a of 0.05 and a power of 0.8, and assuming
a ratio of 3:2 for the success to failure of labor induction among
study groups, we calculated that a sample of 68 women would
be needed to detect a 5 mm difference in cervical length with a
standard deviation of 7 mm (based on a pilot study). P-0.05
were considered statistically significant. SPSS 12.0.1 (Chicago,
IL, USA) was used for statistical analyses.
Results
Seventy-two consecutive women were enrolled during
the study period. The indications for labor induction were
as follows: prolonged pregnancy of 38 completed weeks
or greater (ns42); suspected fetal growth restriction or
growth discordance (ns11); preeclampsia (ns7); oligo-
hydramnios (ns4); gestational diabetes (ns3); non-reas-
suring non-stress test (ns2), and chronic hypertension
(ns3). No women declined to participate in this study.
A twin vaginal delivery occurred in 49 (68%) women
and 40 (82%) of these deliveries occurred within 24 h of
induction. Cesarean delivery for both twins was per-
formed in 21 (29%) women because of failure to progress
(ns10), induction failure (ns1), suspected fetal distress
(ns1), and maternal request for social reasons or dis-
comfort (ns9). Combined vaginal-cesarean delivery of
twins was performed in two women because of arrest of
descent (ns1) and suspected fetal distress in the second
twin (ns1). Of 45 women who delivered within 24 h of
induction, there were five cesarean deliveries for failure
to progress, and of 27 women who delivered after 24 h,
there were 16 cesarean deliveries and two combined
vaginal-cesarean deliveries. With respect to the method
of induction, 53 patients received both prostaglandin and
oxytocin; 17 patients received oxytocin only and two
patients were delivered after prostaglandin administration
only.
Table 1 lists the clinical characteristics and obstetric
outcomes of patients according to the success or failure
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Table 1 The clinical characteristics of the study population.
Characteristics Induction of labor P-values
Success (ns45) Failure (ns27)
Maternal age (years) 31.2"3.1 30.4"3.4 0.430
Maternal BMI (kg/m2) 27.4"2.4 29.5"3.2 0.001
Nulliparity 82% (37/45) 85% (23/27) 1.000
Gestational age at induction (weeks) 37.6"0.8 37.4"1.0 0.302
Bishop score at induction 4 (0–8) 3 (0–7) 0.325
Cervical length by ultrasound (mm) 18.5"6.6 21.6"9.4 0.217
Indication for induction of labor
Prolonged pregnancy 60% (27/45) 56% (15/27)
Preeclampsia 9% (4/45) 11% (3/27)
Others 31% (14/45) 33% (9/27)
Use of prostaglandin 69% (31/45) 78% (21/27) 0.588
Sum of the birth weights of the twin pairs (g) 5194"588 5421"600 0.130
Cesarean delivery for both twins 11% (5/45) 59% (16/27) -0.001
Values are given as the mean"SD, median (range) or % (n). BMIsbody mass index.
Table 2 Logistic regression analysis of independent variables








index* 0.070 0.017–0.294 -0.001
Short cervix* 1.867 0.588–5.930 0.289
Higher sum of the birth 0.578 0.180–1.854 0.356
weight of the twin
pairs*
*Variables were dichotomized: higher body mass index (-30 kg/
m2 vs. G30 kg/m2), short cervix (-20 mm vs. G20 mm), and
higher sum of the birth weights of the twin pairs (-5400 g vs.
G5400 g).
Figure 1 Receiver operating characteristic curve for the body
mass index (BMI) at the time of induction to predict success of
labor induction. The number next to the solid dot represents the
BMI (area under the curve 0.728; SE 0.066; Ps0.001).
of labor induction. Labor induction was successful in
63% (45/72) of the cases, and 27 women failed to enter
the active phase of labor within 24 h of induction. No
significant differences were found in terms of the mean
maternal age, the distribution of parous and nulliparous
women, the prevalence of prostaglandin use, and the
mean total birth weights of the twin pairs between the
two groups. Moreover, the mean cervical length meas-
ured sonographically and the median Bishop score were
not significantly different between the two patients
groups. However, women who had successful labor
induction had a significantly lower mean BMI than those
who failed to induce labor.
Multiple logistic regression analysis was performed
using BMI (-30 vs. G30 kg/m2), sonographic cervical
length (-20 mm vs. G20 mm), and total birth weights of
the twin pairs (-5400 g vs. G5400 g) as independent
variables. Of these independent variables, only BMI sig-
nificantly and independently contributed to the success
of labor induction (Table 2). The difference remained sta-
tistically significant in both univariate and multivariate
analyses when all patients with preeclampsia were
removed from the dataset.
The ROC curve constructed to determine the best cut-
off value of the BMI to predict successful labor induction
is presented in Figure 1. The curve constructed for the
BMI was above the 458 line, indicating a significant rela-
tionship between this variable and successful induction
(area under the curve 0.728; SE 0.066; Ps0.001). The
best cut-off value for predicting successful labor induc-
tion was 30 kg/m2, with a sensitivity of 93% (42/45), a
specificity of 52% (14/27), and positive and negative
predictive values of 76% (42/55) and 82% (14/17),
respectively.
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Discussion
This is the first study to examine the predictive value of
the Bishop score and the sonographic measurement of
the cervical length for predicting successful labor induc-
tion in twin gestations. The results were unexpected in
that both the sonographic measurement of the cervical
length and the Bishop score had a poor predictive value
for the likelihood of successful induction. Furthermore,
logistic regression analysis indicated that only BMI was
an independent predictor of successful labor induction in
twin gestations.
Based on studies of predictors of successful labor
induction in singleton gestations indicate that clinical or
ultrasonographic cervical parameters are the strongest
determinants of successful labor induction, whereas
maternal body weight or BMI plays a less significant role
w8, 11, 13x. However, our study demonstrated that in twin
gestations, only BMI significantly and independently pre-
dicted the success of labor induction. Moreover, this
finding cannot be explained by its association with birth
weight because when the total birth weights of the twin
pairs was entered into the logistic regression model, the
BMI remained significant. These observations might have
clinical importance since accurate information about
failed induction in twin gestations should be given on the
basis of the BMI, but not cervical parameters. Simply put,
women with a BMI G30 kg/m2 have an 82% chance of
remaining undelivered within 24 h of induction, whereas
those with a BMI -30 kg/m2 can be advised about a
76% chance of delivering within this interval.
The association between the sonographic cervical
length and successful labor induction in singleton ges-
tations has been the subject of intense investigation w6x.
However, some studies have found the sonographic
assessment of the cervical length predictive of induction
success w11, 13, 23, 24x, whereas other studies have not
found such an association w5, 14, 15x. The disparity
among these studies is probably attributable, in part, to
a variety of primary outcome variables, including vaginal
delivery, vaginal delivery within 24 h of initiation of induc-
tion, and reaching the active phase of labor as the defi-
nition of induction success. Nevertheless, reaching the
active phase of labor may be a more appropriate out-
come variable because it is unreasonable to classify the
cases of patients who required cesarean delivery for non-
reassuring fetal heart rate tracings and arrest disorders
during the active phase and second stage of labor as
induction failures. In recent studies of singleton pregnan-
cies, Park w11x and Yang et al. w24x used this outcome to
define induction success and consistently showed that
the sonographic measurement of the cervical length
independently predicted successful labor induction.
These findings are in contrast with our study. The dis-
crepant results between these studies may reflect differ-
ences of biological responses between singleton and
twin gestations. Alternatively, if the intensity of uterine
contractions, which exert hydrostatic pressure through
the fetal membranes against the cervix and in turn dilate
the cervical canal like a wedge, is the same between sin-
gleton and twin gestations, during a contraction the pres-
sure exerted against the cervix is relatively low in the
case of gestations with an increased uterine volume,
such as a twin gestation. Perhaps this is probably why
cervical parameters in twin gestations are not useful in
predicting induction success.
This study demonstrated that in twin gestations under-
going induction of labor with oxytocin and prostaglandin
E2 at )36.0 weeks’ gestation, successful vaginal delivery
occurred within 24 h of induction in 56% (40/72) of the
women. This finding is compatible with the results report-
ed in singleton gestations w11, 13x and suggest that
induction of labor in twin gestations with oxytocin and
prostaglandin E2 appears to be effective in achieving vag-
inal delivery. Indeed, labor induction in advanced twin
gestations is a cause for clinical concern because an
over distended uterus might be resistant to uterotonic
drugs or, conversely, be prone to hyperstimulation or
even uterine rupture with relatively low doses of utero-
tonic drugs. Although our study was not designed to
address the overall effectiveness and safety of labor
induction in twin gestations, there were no untoward
events in both the mother and neonates, like the other
studies in twin gestations w3, 21x, with the incidence of
cesarean delivery for non-reassuring fetal heart rate trac-
ing 1/72. However, it should be noted that a 10-mg dino-
prostone vaginal insert (Propess; Ferring) for cervical
ripening and labor induction used in this study is not
licensed for use in twin pregnancies and any recommen-
dations for the use in twin pregnancies in clinical practice
should be discussed considering this fact.
We acknowledge that our study was limited by its rel-
atively small sample size and the inclusion of a hetero-
geneous group of patients regarding the indication for
medical induction at different gestational ages (e.g., pre-
eclampsia and prolonged pregnancy). Indeed, women
with preeclampsia had a higher weight or BMI compared
with those with uncomplicated pregnancies w12x and with
increasing gestational age during the third trimester, there
was an increase in the BMI and the cervical ripening w4,
7x. Therefore, the BMI, Bishop score and the sonographic
cervical length might be different according to indication
or gestational age. However, we believe that our main
results remain valid because these potential confounding
variables were controlled in the regression model and
exclusion of preeclamptic patients did not alter the
results. Another limitation of the present study might be
the induction regimen because this may influence the
outcome of induction, and then the results of our study
need to be replicated in other settings using other regi-
mens. Because of these limitations, further large pro-
spective studies with a larger number of patients are
needed to confirm our observations.
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In conclusion, only the BMI independently predicted
the success of labor induction in twin gestations. How-
ever, the sonographic measurement of the cervical length
and the Bishop score appeared to have poor predictive
values for successful induction.
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